. X-ray crystal structures of RA1, RA2 and the scaffold of RA3. RA1 is a 29.6 kDa TIM-barrel scaffold protein (PDB code: 4PEK). RA2 is a 15.8 kDa KSI-NTF2-like protein (PDB code: 4PEJ). RA3 is a 21.1 kDa Rossmann-fold protein (Protein design is based on PDB code:1ILW). Table S1 summarizes the data collection and refinement statistics for the X-ray crystal structure determination of Apo-RA1 and Apo-RA2. Figure S2 . P2 labels RA1 faster than P1 in buffer. P2 (25 µM) completely labeled RA1 (5 µM) within 30 min at 25 °C while P1 only partially reacted with RA1, as shown by LC-ESI mass spectrometry. P4 (25 µM) labels RA1 (5 µM) even less efficiently in buffer after 30 min, likely due to the presence of the bulky BODIPY fluorophore π-π stacking with the naphthalene. This intramolecular interaction will slow the reaction with RA1. Interestingly, P4 reacts much faster with RA1 in a cell (see Figure S5 ), which may be because endogenous protein (e.g., a macromolecular chaperone) binding to P4 prevents the π-π stacking, facilitating pre-equilibrium binding. Figure S3 . The robust electrostatic interaction network within the catalytic site. Mutating D56 or E51 had negligible effect on the labeling efficiency, indicating that their interactions to mediate P3 binding and labeling are redundant. RA1 and its mutants (5 µM) were incubated with DMSO or P3 (200 µM) for 1 h at 25 °C, followed by quenching with SDS loading buffer. The samples were then prepared following Supplementary Method (3) and resolved using electrophoresis. The SDS-PAGE gel was scanned using a fluorescence scanner (FL) to detect the fluorescence of the RA1-P4 conjugate and Coomassie blue (CB) staining was then used to visualize the cellular proteome. b) HEK293T cells were transiently transfected with RA1. The cells were incubated with P4 (10 µM) for the indicated time periods (1, 5, 10, 30, 60, 120 min) before harvesting. The cells were lysed and the lysates were normalized to total protein concentration. By quantifying the amount of fluorescent RA1 on the gel, we observed 20% labeling of RA1 in the first minute, indicating rapid labeling in live cells. For most of the experiments in this paper, we used a 10-min labeling period, during which time almost half of the RA1 is labeled. Although the signal is higher for longer incubation times, the background also increases, leading to no significant improvement in the signal-to-noise ratio. Interestingly, P4 (25 µM) labels RA1 (5 µM) less efficiently in buffer after 30 min, likely due to the presence of the bulky BODIPY fluorophore intramolecularly π-π stacking with the naphthalene, diminishing pre-equilibrium binding with RA1-see Figure S2 . Figure S6 . In vivo stability of the RA1-P4 conjugate. HEK293 cells transiently expressing RA1 were labeled with P4 (10 µM) for 10 min and then washed twice with DMEM before being harvested with TrypLE Express at the indicated time points (0, 0.5, 1, 2, 12, 24 h). The SDS-PAGE gel was scanned using a fluorescence scanner (FL) to detect the fluorescence of the RA1-P4 conjugate and Coomassie blue (CB) staining was then used to visualize the cellular proteome. No significant increase in background staining was observed over the longer incubation period. The fluorescence conjugate stability in vivo was evaluated by comparing the amount of labeled RA1 remaining as a function of time relative to time 0 (bottom panel).
Figure S7.
In vivo and in vitro stability of P4. a) P4 (10 µM) was incubated in acidic buffer (sodium phosphate buffer, pH=4.8, red curve), in amylamine (0.5 mM, blue curve), and in glutathione (GSH, 0.5 mM in argon-purged RA buffer, green curve) for 24 h and the recovery of fluorescent P4 was analyzed by HPLC-coupled to a fluorescence detector. No significant reaction or hydrolysis of P4 was observed, as assessed by the lack of a shift in the retention time or a decrease in peak area, indicating lack of chemical reactivity of P4. b) P4 (10 µM, red curve) was incubated in concentrated HEK293 cell lysate (2 mg/mL, blue curve) for 1 h. Minor P4 loss was observed by fluorescence detection (< 10%). The majority of P4 remained intact. That the endogenous proteome is present is shown by the green curve, as observed by UV detection. a Numbers in parentheses refer to the highest resolution shell.
, where I hkl,i is the scaled intensity of the i th measurement of relection h, k, l, < I hkl > is the average intensity for that reflection, and n is the redundancy
d R free was calculated as for R cryst , but on a test set comprising 5% of the data excluded from refinement. e Calculated using Molprobity 2 S18 
S19
Supplementary Methods
(1) Crystallization of the apo-RA1, apo-RA2.
Apo-RA1 and apo-RA2 were purified using anion exchange followed by size exclusion chromatography as described previously. 4 Pure fractions were pooled and concentrated to 9.1 mg/mL for apo-RA1 and 17.2 mg/mL for apo-RA2. Initial crystallization trials were performed using the JCSG core I-IV screens at 22 °C. Drops were set up with the Mosquito HTS using 100 nL protein and 100 nL of the well solution.
Apo-RA1 was crystallized in 0. Table S1 .
Data reduction was carried out using XDS. 5 The structures were solved by molecular replacement using the Phaser module in Phenix with only the protein coordinates of PDB ID 3TC7 as a search model for apo-RA1, and 1W02 as a search model for apo-RA2. Rigid body, restrained refinement with TLS and simulated annealing were carried out in Phenix. 6 Manual adjustment of the model was carried out in Coot. 7 The structures were validated using the Quality Control Check v2.8 developed by the JCSG, which included Molprobity 2 (publicly available at http://smb.slac.stanford.edu/jcsg/QC/). Final refinement statistics are shown in Table S1 .
(2) E. coli strain and lysate preparation.
E. coli strain HMS174 was used to show the selectivity of P3 in E. coli lysate.
The lysate was obtained by sonication of resuspended cells in RA buffer (25 mM HEPES, 100 mM NaCl, pH 7.5) supplemented with a protease inhibitor cocktail (Roche).
The protease inhibitor cocktail was used to inhibit proteolytic reaction in lysate.
Importantly, components in the cocktail were shown not to react with RA or affect RA activity. 4 The lysates were centrifuged at 16,000 g for 20 min at 4 °C and the supernatant collected as soluble lysates. Total protein concentrations of all soluble lysates were measured using the BCA assay (Thermo Scientific). For western blot analysis, the wet slab gels were transferred to a PVDF membrane, which was subsequently blocked with 5% non-fat milk in PBST (PBS containing 0.05%
Tween-20) for 1 h at 25 °C. Western blot analysis was performed with a mouse monoclonal α-His antibody (372900, Invitrogen) against His-tagged RA1 and RA2 or a goat polyclonal α-Histone H2B antibody (N-20, sc-8650, Santa Cruz Biotech.) against the endogenous histone H2B, followed by secondary α-mouse or α-goat antibodies (IRDye 800, LI-COR Corp.). The membrane was scanned using the LI-COR Odyssey
Imager.
(4) Gel shift to visualize both labeled and unlabeled RA1 for labeling efficiency evaluations.
To directly visualize the fluorescence labeling in Figure 2a and 2b, RA1 (5 µM)
was incubated with P3 (200 µM) at 25 °C for 1 h. The labeling reaction was quenched by the addition of SDS loading buffer and boiling for 5 min. Proteins were resolved by SDS PAGE gel (11%) and visualized by coommassie blue staining. Due to the conjugation of the ~700 Da P3, the band of RA1-P3 is slightly higher than the unlabeled RA1.
(5) Retro-aldol catalysis and P3-labeling kinetics.
The retro-aldol reaction was performed using 4-hydroxy-4-(6-methoxy-2-naphthyl)-2-butanone (S1 in Figure 4b ) as substrate in RA buffer at 25 ºC. Accumulation of product (CP1 in Figure 4b ) was monitored using a Gemini™ EM Fluorescence and when the product accumulation is negligible. In this situation, the initial velocity v 0 is linearly related to the enzyme concentration at a fixed, saturating substrate concentration.
Because the initial velocity is affected by the enzyme concentration but not by the substrate concentration, these velocities can be used to derive the enzyme concentration
given that a linear standard curve is available.
To quantify RA1 concentration in lysates, we incubated HEK293 cell lysates expressing RA1 with substrate S1 (500 µM) to measure the initial velocity (v HEK ; Figure   4c ). A linear standard curve was generated from the initial velocities of reactions containing varying, subsaturating concentrations of RA1 (0.25, 0.5, 0.75, 1, 2.5, and 5 µM) and 500 µM substrate S1 ( Figure S12a-b) . Finally, v HEK was compared to the standard curve to derive the concentration of RA1 in HEK293 cell lysates.
Labeling kinetics (Figure 2c and 2d) were measured by incubating RA1 (5 µM) with varying concentrations of P3 (25 ºC) in RA buffer. At different time points (t), the reaction was quenched by the addition of SDS loading buffer and boiling for 5 min.
Proteins were resolved by SDS polyacrylamide gels (15% or 11%). Wet slab gels were scanned to visualize the fluorescence signal from the RA1-P3 conjugate using a Typhoon
Variable Mode Imager (Amersham Biosciences) using blue laser excitation (λ ex 488 nm) and fluorescein emission channel (λ em 520 nm, bandpass 40) with 100 micron resolution.
The intensity of the RA1-P3 conjugate fluorescence (F t ) was quantified with ImageJ and plotted as a function of time to derive the observed rate constant (k obsd ) using the equation,
where F ∞ is the fluorescence intensity of the fully labeled RA1-P3 conjugate (5 µM).
Steady-state kinetic parameters were derived by fitting k obsd to the equation,
where k inact is the rate constant of the chemical step, and K i is the P3 concentration that provides half of the maximal rate. The syntheses and characterization of Probes P2, P3 were previously reported.
4
P1 and P4 were obtained as follows. To generate probe P1, P2 was first synthesized and further oxidized into ketone (Scheme S1). P4 was generated by conjugating a cell 
